Summary. Ultrastructural changes in normal human trophoblast maintained in hypoxic organ culture are described. Marked structural changes were noted even after hypoxia for 6 hr. These changes could be partly reversed by reoxygenation after hypoxia for 18 hr or less, but no regeneration occurred when hypoxia lasted for 24 hr or longer. The significance of the vulnerability of trophoblast to hypoxia is discussed.
INTRODUCTION
Placental villi can be maintained in organ culture for over 10 days without morphological changes that can be detected by light microscopy (Gerbie, Hathaway & Brewer, 1966; Hou, Ewen & Beck, 1968; Fox, 1970) , and for at at least 4 days without significant ultrastructural changes (MacLennan, Sharp & Shaw Dunn, 1972) . When trophoblast is cultured in hypoxic conditions, marked changes occur in its structure (Fox, 1970; MacLennan et al., 1972) , and histochemical studies have shown that cellular metabolism is significantly curtailed (Sharp, Carty & Young, 1972) . Ultrastructural comparison of trophoblast grown in hypoxic culture showed that the changes induced by these conditions were very similar to those occurring in placental villi from patients with pre-eclampsia and from patients with unexplained placental insufficiency (MacLennan et al., 1972 Fig. 1 ).
Incubation system
The technique of culture was a modification of that described by Fox & Kharkongor (1970) , as previously described (MacLennan et al., 1972 (Reynolds, 1963) and examined with an A.E.I. EM6B electron microscope. The changes in the trophoblast were similar to those which have already been described after hypoxia for 24 to 96 hr (MacLennan et al., 1972) The basal lamina (BE) is thickened and the subtrophoblastic space (arrow) is enlarged.
The nuclear chromatin has become more sparse and clumped at the periphery of the nuclei, 11,500. Fig. 3 . Trophoblast after organ culture in 6% oxygen for 18 hr (see Fig. 2 ) and subsequent reoxygenation in 95% oxygen for 24 hr. Multiplication of the syncytial nuclei has occurred, associated with greater dispersion of the chromatin. The basal lamina (BL) has thinned and there is less cytoplasmic vacuolation. 11,500. Fig. 2 and PI. 4, Fig. 5 ). With increasing hypoxia, the trophoblast became more degenerate and signs of normal intracellular activity were lacking (PI. 4, Fig. 5 ).
Reoxygenatcd trophoblast after hypoxic culture
Consistent changes were noted in all specimens reoxygenated after hypoxia for 6, 12 and 18 hr (PI. 2, Fig. 3 ). Changes were not seen in any of the specimens that had been subjected to hypoxia for 24 hr or more (PI. 4, Figs 5 and 6 ). The structural reorganization was similar in the 6-, 12-and 18-hr specimens.
The most notable change was a consistent multiplication of the syncytial nuclei with frequent syncytial knot formation. Nuclear counts during scanning confirmed this impression. No further loss of nuclear chromatin occurred and it appeared more evenly dispersed throughout the nuclei, there being more euchromatin and less heterochromatin than before reoxygenation (PI. 2, Fig. 3 ). The basal lamina was generally about four times thinner than in the correspond¬ ing hypoxic specimens. The structure of the cell organdies seemed clearer and cristae in the mitochondria were visible (PI. 3, Fig. 4) . The mitochondria and endoplasmic reticulum were more numerous in the reoxygenated specimens, but there was no change in the number of lysosome-like bodies. The syncytiotrophoblast was less vacuolated and thus the cell organdies were more dense.
Comparison There was a marked difference in the appearance of the cell nuclei in the reoxygenated specimens previously subjected to 18 hr of hypoxia, but it was not possible to determine whether this change represented signs of regeneration. In general, it is believed that nuclei containing large clumps of densely staining heterochromatin are metabolically less active than those containing evenly distributed euchromatin which stains more lightly (Fawcett, 1966) .
The changes in healthy trophoblast subjected to hypoxia in vitro have been shown to be very similar to the placental changes of pre-eclampsia and the placentae of babies that are 'small-for-their-dates' (MacLennan et al., 1972 ). The finding of a possible reversibility of these early hypoxic changes in vitro but their irreversibility soon after 18 hr suggests that it would be difficult to improve placental transfer once these clinical syndromes were established.
